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SUBJECT: Ouantitative Risk Assessment for Acifluorfen
(TACKLE/BLAZER)

I. Summary

This quantitative risk assessment for Acifluorfen completes
the memo, Preliminary Risk Assessment for Acifluorfen
(Tackle/Blazer) dated Sept. 11, 1984.

Acifluorfen is found to be a probable human carcinogen
(EPA classification for weight of evidence B2) with a potency
factor O1* = 5.7x10-2 (for dose in mg/kg body weight/day) based
on liver tumors and/or stomach papillomas in mice. The results
given below apply to both Tackle (Rhone-Poulence, Inc.) and
Blazer (Rohm and Haas Co.) although they are based primarily on
the analysis of the Rohne-Poulence 18-month feeding study
(Caswell No. 755) of Tackle dated Dec. 17, 1982) and only
incidentally on the Rohm and Haas Blazer feeding study (Caswell
No. 818D) dated March 6, 1979. Both products exhibit an elevated
proportion of animals with liver adenomas and/or carcinomas and
(in the Tackle study) stomach papillomas.




Time adjustment (using Druckery's formula(1l)) yields a
dietary risk in humans for soybeans and for the TMRC of

I.3XI0%and I.3X10 - respectively wnlgg(gfe based on the
Tackle potency factor of 0;* = 5.74x10 . Details are

given in Section I1I-=B.

Worker risks ranged from 1.3x10-4 (LADD(4) Risks with 1%
dermal absorption and no protective clothes) to 8.5x10-7 (LADD
Risk with 1% dermal absorption and with protective clothes).
Additional details are given in Section III-D.

II. Background

The Blazer study was conducted at dose levels well below
the maximum tolerated dose and therefore did not exhibit a
strong dose-tumor trend; nor were any other remarkable .events
noted, The study dosages were 7.5, 45, and 270 ppm mixed into
the feed. However the high dose, 270 ppm group. was given a
dose of 1.25 ppm for the beginning 16 weeks of the study then
270 ppm for the remainder. The more recent work on Tackle was
done with treatment doses of 625, 1250, and 2500 ppm; and a
strong dose-trend relationship was reported. Consequently
since both Tackle and Blazer have the same active ingredient
(Acifluorfen - approx 20% in Tackle and 40% in Blazer) and test
animals exhibit the same tumor types, the results of this memo
may be used to support regulatory action involving Acifluorfen
(Blazer/Tackle).

In the 18-month Tackle feeding study 60 B6C3Fl mice per
sex were randomly allocated to control and three dose groups
(625, 1250, 2500 ppm). Dosing was initiated Oct. 3, 1980 and
the terminal kill was conducted April 5-13, 1982. Rhone-Poulence
noted statistically significant effects in male but not female
groups. Body weight changes are clearly dose related in both
males and females. This seems to reflect reduced food efficiency
as only high dose males consumed statistically-significantly
more food (p < .01 using Dunnett's test).

(1) (Lo/Le)3 There Lo = 2 year mouse lifetime and Le = 1 1/2
year experiment. From Druckery 1967 in Truhart, "potential
Carcinogenic Hazards from Drugs - Evaluation of Risk (pp 60-
78) Springer Verlag, Berlin, and EPA - Water Quality Criteria
Document FR 45:79313-79379.

(2) TMRC represents the Raw Agricultural Commodities listed in
1983 FRC 180.383 excepting peanut hulls and rice straw.

(3) This factor is the geometric mean of 0,* = 7.0 x 10-2
(time adjusted for males) and 0;* = 4.5 x 10=2 (time
adjusted for females) where the exposure level is
expressed in mg/kg/day.

(4) LADD = Lifetime Average Daily Dose based on number of days
exposed per yr for a 40 yr work life and a 70 yr life span.flw



111, Quantitative Analysis
A, Trend Analysis

o

The number of tumors over the number of animals examined
in the Tackle study is displayed in Table 1. Since some animals
were examined in only one organ but not the other, the totals
row is not always the direct sum of the previous rows. We note
also that if only one organ is examined and a tumor is found
then that animal is counted as a tumor bearing animal (TBA)
whether or not the other organ is examined. The tumor data and
the time of death or sacrifice is shown in Appendix - Table 1.

Table 1 - MICE DATA

(# Tumor Bearing Animals)/(#Animals Examined)

TACKLE
Dose (ppm)
0 625 1250 2500
Female - Liver(a) 1/59 6/59 5/60 24/59
Stomach (D) 0/58 3/60 3/58 6/57
ToTAL(C) 1/58(4d) 8/59 8/58 26/58
Male - Liver 9/59 21/60 16/57 40/59
Stomach 0/59 0/59 0/59 4/58
TOTAL 9/58 21/60 16/56 41/58
BLAZER
Dose (ppm)
0 7.5 45 270[1.25]
Female - Liver 7/80 5/69 4/80 15/66
Male - Liver 19/79 18/69 28/80 27/70

(a) Liver adenomas and carcinomas are counted.

(b) Stomach papillomas only are counted.

(c) Mice with both liver and stomach findings are counted only
once.

(d) Some mice were examined only in the liver or stomach but
not both. This fact and (3) account for the seeming
discripencies in the totals row.
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The only evidence of a Tackle related effect on survival
was in the males where a significant probability value (p <
,01) was observed in the 0 vs 1250 ppm group (The adjusted

Chi-Square-comparison).

A dose~tumor Trend analysis using the Peto Prevalence
Methods (Peto et. al. IARC Supplement II, 1980) Hazard Model for
Survival and the Tarone-Breslow Proportional Hazards Model for
Survival (Int. Stat. Rev., Vol. 43, No. 1, 1975, pp 45-58)
clearly indicate a strong liver tumor and/or stomach papilloma
dose relationship (for acifluorfen) in mice for both sexes
(i.e., the relationship is statistically significant at

p < .0001. The results are summarized below.

Comparisons of Control vs Other Groups (One-tail Chi-Sqg test)

Dose (ppm) 625 1250 2500
Female .04 .04 £ .0001
Male .03 .16 NS < .0001

Trend Analysis: Statistically significant at P £ .0001 for
either sex by all survival procedures [Unadjusted, Adjusted
for equal weight for all deaths, and adjusted allocating
higher weight to early deaths].

From these tests one may infer the presence of a strong dose-

tumor trend (i.e., tumor incidence increases with increasing
dose), and a significant difference between the control and any
other group.

B. Low Dose Extrapolation

The data were fit to the Multistage (Global 83) and Weibull
models giving consistent results in both cases. Since the data
came from an 18-month study, the linear coefficient, 01*, was
adjusted using Druckery's formula as follows:

0,* for 24 mos = (Q,* for 18 mos )x(24/18)3

For the Multistage model this gives a Ql* of 4.67x1072 for
females and 7.06x10-2 for males. The geometric mean of these
were taken giving a combined potency factor of Q;* = 5,74x107
[where exposure level is expressed in mg/kg/dayl. Similar
results were obtained from the Weibull ggdel where the combined
Q3* using Druckery's formula was 5.6x10 “. We also note that
one can extrapolate foward in time with the Weibull-Time model
giving another estimate of 0;* adjusted for 24 months. Although
the results of doing this (see Table 2) are consistent with
Druckery's formula, this latter extrapolation tends (in my
opinion) to reflect a slight overfit. For example consider the
various female 01*s from the Weibull:
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Time (days) gl*
369 7.7x10~4 N
557 1.8x10-7
728 7. 2x10=2 SR -
728 4.3x10-2 (using Druckery's formula)

The two lifetime (i.e. 24 mo.) Q;*s of 7.2x1072 and 4.3x1072
are consistent, and this is in agreement with Brown and
Hoel(5), However the higher 7.2x10~2 figure obtained from
the Weibull model appears to put too much emphasis on tumors
discovered late in the study (see Appendix/Table 1).

Table 2

O* From the Multistage and Weibull Models for the 18 mo. Tackle
Feeding Study on Mice Based on Liver Tumors and Stomach Papillomas.

Multistage Model

01* at time Female Male
18 mo 1.97x10-2 2.99x10~-2
24 mo(a) 4,67x10-2 7.06x10-2

Combined Q;* = (4.67x1072 x 7.06x1072)7> = 5,74x1072

Weibull Model

01* at time Female Male

18 mo 1.83x10-2 3.14x10-2
24 mo 7.15%x10~2 4.76x10-2
24 mofa) 4.33x10"2 7.44%102

" Combined(3) 0,* for 24 mo = (7.15x1072 x 4.76x1072)1/2 = 5.83x1072

(a) Estimated with Druckery's formula

(5) Brown, K.G. and Hoel, D.G. (1983) Modeling Time—to—Tumor
Data. Fund. Appl. Toxicol. 3:458-469,

Fommemes
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C. Estimation of Risk Associated With Diet

b ewga

the tolerances published in-the CFR Title 40, paragraph 180,382

The daily intake of acifluorfen has been calculated from

deleting only the feed through commodities (i.e., rice straw
and peanut hulls), using a 1500 gram diet and the standard food
factors. The exposures of interest are 2.3x10735 and 2.2x10"
mg/kg/day fog soybeans and the TMRC respectively. Using

Q1 *=5.74x107“ these exposures give rise to upper 95% confidence
bounds estimates on dietary risks of 1.32x10-6 and 1.26x10-3,

Note that when rounded these give the same results reported in
Section I. The raw agricultural commodities tolerances upon

which these risks are based are given in the appendix.

D. Estimation of Risk Increment Associated with Application
of Acifluorfen

There are no dermal absorption studies available for
acifluorfen. However, Dr. Robert Zendzian (attached memo to
H. Lacayo of September 13, 1984) estimates that 1% of the
dermal exposure to Acifluorfen is actually absorbed into the
body. The dermal absorption formulas and the various species
conversion factors are also given in the appendix.

We consider risks in four work situations: self-application
custom application, aerial-pilot (Pilot) aerial-mixer-loader
(Air M/L). These terms as well as the estimated exposures may

be found in Richard Moraski's EAB review memo to Richard Mountfort
dated 21 July 83. This memo is included in the appendix.

Each work situation is considered under the following two
exposure senarios:

1. LADD Risk assuming 1% dermal absorption without
protective clothing.

2. LADD Risk assuming 1% dermal absorption with protective
clothing.

These senario results are given in the tables 3 and 4. The
Lifetime Average Daily Dose Risk is calculated from the formula:

LADD Risk=(Daily Exposure)x(#days exposed)x(40 Work Yrs )x01*
(365 day year ) (70 Yrs Lifetime)

o
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The risk estimates shown in table 3 indicate that some
workers without protective clothing may be at a risk of

1.3x10~% (not including dietary risk). However these
estimates are subject to the following sources of error.

As no dermal absorption study was done, the risk assessment
utilizes an expert opinion, a 1% dermal absorption rate. Hence
in a situation where absorption is substantially higher, a
worker's risk (without protective clothing and excluding dietary
risk) could be of the order of 10~3 (see Appendix Table 2 for
100% Absorption Rates). On the other hand, since the Tackle
study ran for 18 months, it was necessary to estimate full life
time exposure using Druckery's formula. These sources of
possible error could result in either over or under estimates
of the potency 031*.

REMARKS ON BLAZER

The initial review of the Blazer data did not indicate a
strong dose-tumor relationship (see Table 1). For example the
Peto test gives a border line level of statistical significance,
P = .08, for male mice while the female data appears relatively
"clean". However it is important to note that during the
initial 16 weeks the 270 ppm group was actually given a diet of
1.25 ppm so that the group did not receive a meaningful chemical
challenge during their juvenile stage. But one can now assume
that a true dose-tumor relationship exists based on the higher
dose findings for Tackle and interpolate Blazer rates between
those for Tackle and Control. Then, if we model the Blazer
data by the multistage model (as was done with Tackle) the
following potencies are generated.

L]

Ql* 7.8x10~2 (female mice)

0,* 1.3x10"! (male mice)

These estimates of aciflurofen potency are higher than the
corresponding Tackle values. Due to the design (low dose) and
conduct of the Blazer study (i.e., the change in dosing by
which the low dose group became the high dose group at week 17)
we believe that the acifluorfen risk assessment should be based
on the Tackle data.



APPENDIX

Contents

1. Calculation and Conversion

2. CFR Title 40 paragraph 180.382, Acifluorfen tolerances
for residues.

3. R.V. Moraski's EAB memo to R. Mountfort on Acifluorfen
dated 21 July 83.

4, R.P. Zendzian's memo to H.K. Hall, Subject: Captan, Dermal
Penetration Study, dated Nov. 18, 1982,

5. R.P. Zendzian's memo to H. Lacayo, Jr. on the estimated
dermal absorption of acifluorfen. ’

gg' 6. Summary data of tumor bearing animals with associated

time of death - Table 1.

7. Summary of data assuming 100% dermal absorption and

associated LADD risk = Table 2.
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APPENDIX 2

Calculation and Conversion Formulas

A. Druckery's Formula

(Lo/Le)3 where Lo
Le

= Average animal lifetime

= Length of experiment

So, if Q1* is estimated from experimental data of Le months
using animals with a life span of Lo month and we assume 01* is
strictly increasing with time then Druckery's approximation for
the Q1* value at Lo months would be:

Ql* (for Lo mo.) = (Lo/Le)3 X Ql* (for Le mo.)

B. LADD Formula

The lifetime average daily dose (mg/kg/day is approximated

LADD = (Dose acquired in one working day in mg/kg/day)
x (No. of working days per year with the chemical)/365
x (40 years of working)/(70 years lifetime)

= (One day exposure)x(days exposed/yr) x (40)
( 365 ) (70)

C. Conversion of ppm to mg/kg/day

1 ppm in mouse diet = .150 mg/kg/day

Quick Conversion (for ppm only)

1 ppm in diet for animal = (Wt of diet in grams )
(Wt of animal in grams)

mg/kg/day for animal

AN
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D. Interspecies Conversion Factor

T i ChA. ce Dayan e N oamey o
L= 3~ 3 [ ¥ =Y WML TL AN Lin ot
Wy, = body weight of human

Wa = body weight of animal
dp = dose for human (mg/kg/day)
d, = dose for animal (mg/kg/day)

If we assume the surface area is proportional to w2/3 and that
equivalent doses (in m?/gay) are proportional to surface areas,
then 4 = dy x (W /W) /

For example extrapolation of mouse to an "equivalent"™ human
dose can be done as follows:

1. Convert mouse dose which is usually in ppm to
mg/kg/day by

.15 x (mouse dose in ppm) = mouse dose in mg/kg/day
2. Therefore

Human Eqiv. Dose = (mouse dose in mg/kg/day)x(25/60000)1/3

E. Dermal Absorption Formula

Total Agent Absorbed = A (h, r, a)

=r [ (h+ 1) - (1/a) ( 1 - (1-a)h+l) ]

when r = Arrival rate of agent in grams per hour
h = Total number of hours exposed
a = Absorption rate per hour of the amount of agent present

This is the formula used in the calculations and it assumes a

"relatively” short absorption time. But the corresponding
equation based on the associated differential equation would be:

A(, r, a)=r[h+1 e-ah-1]
a a
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